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I. OBJECTIVE 
1 

To estimate th.e rate of degradation of the chlorite”ion in cow ‘m&nu,re .under simulation of co”dition,s apijricatjleto‘use,~~4)(~“~~~‘i’i~;p. ’ -%‘c ,. ,. I *u 1 ,x ,j . ,f? * ,. 

II. BACKGROUND 

The study is being undertaken ‘at the requesf of Dr. Robert Kross, to satisfy 
regulatory requirements in the Netherlands. Some parameters of the study are , --,; ,i ?I _) .,, 1 l,l”.,“- ~ . . .“1:* 
therefore specified bythe test profocols’ in’ use under the regulatory ‘re$?te. In . 
particular, the regulations specify3hat’ this~‘%ttidy ‘be dorie &t* a‘temperature of 
10°C. 

Ill. TECHNICAL ISSUES 

The total rate of degradation 
of reduction of chlorite ‘by 
degradation of the chlorite. 
likely to be dominant., Under 
likely to be simple as long 
compared to the amount of at 
then behave as if it were zero 

k Î_, . e. e.< .,_,., i.y* ~.. ., .i ,,., 1. )~. ‘ ,,. .b x -L. ,. *_ _ >,.<#.“~ -‘ 

of chlorite ion .is’ determined by the sum of the rate 
materials in the manure,, and that of any auto- . i 1 ,“4 i.v-.r:,, ,.< _.,_ i ,#* In g matiix.tifh, g ‘dfiQdfti~ii;ilc load, redu~~:fion ..,, is 
, these .‘conditidns we...ti6,ieve .fhhi ~f,“.“.v.tiKgfi,g-e ,. 

“as the reducing canacitv‘ bf the m&ix is lame 
,alyte added’ io t$e matrix*-.lii e#&bf ihg.i66egs.y,l 

order in terms of constituents of’the r%$iix. 

, 

Further, the spiking level chosen for ihe experiment should- be’at lea&t’as“h’igh ‘as- ’ 
any levels likely iti the rea’l-lifi!‘aPrjlic~~~h.^’ ” - __ __ _..,_/l, ~, “., _) ,.,. * /-., a,_ ^._, ,^ 

(^, ), 
The teat dip contains about 24@0~ ppm of chloriie ion. If we assume %;lii any 
spillage of the teat dip is likely fo be diluted by a factor of at least 10 by 
dispersion in cow ii-ranur6 we expect an initial concentration of chlorite ion equal 
to no more than 240 ppm in the ‘manure. This would appear to* be a. re.ati,onable, a 
priori assu,mption. OQig562 

(“I . . . . . . rx’w’ ,, \s, 
Prior experience with chlorite ‘itetermrnattons leads us to expect ‘deiecti”on limits in 
the 5-20ppm range in a matrix with high levels of co-extractibles. We believe, therefore, t~ali’.a ̂ spikiiig fb..6T 6f,~4~,~~~~-~~~,biife vi;il$me~~“~~t~-.~f.“~~~,~ gb+ve. j 

. ^_Ic 1 
requirements. The concentration is’ high enough to’ represent ‘a’ reasonable 
simulation of the actual conditions and makes for relatively straightforward 
quantitation, yet low enough that it is unlikely to affect the substrates in’ the matrix _ 
to any great extent. 

& 
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If little or no change is seenover’ few such .periods, it remains easy to increase 
the intervals. 

_” ., 
If it turns out that the rate is much lower, it may become nece~~~~‘fb’extend.the 
experiment into a second day. 
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If it turns out that the reaction rate is. sufficiently low that multiole davs 
required for the level to fall to half the $ial cc 
necessary to redesign the experiment, with considerable change in logistics. 

bncentration, it * will become 

il 

I 

I 
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Finally, some modification of the matrix may be desirable to ease handling and 
sampling, in particular to ene.ure that, added, an.aiyte is properly distributed 
through the matrix. This will require some dilution of’ the matnx with water. It is 
reasonable to suppose that as long as this dilution is not excessive, the 
experiment will not ‘be compromised. Fyrt@r, t++yy$?-case is that reaction 
rates will be lower than in the un~ii~tecj~-~~trix.‘“If that happens, the experiment 
will produce an under-estimate of the rate of ,degradation, i.e. ,&e will have an 
overestimate of the time required for the ch)orite ion .level to fall to half under the 
conditions. As long as thit,overesttjmata is itself ‘shorter than one month; we will 
have achieved the purposesof this study: 

I 

IV. 

. j . . : ““. *I. s . 

Discussions with Di. Boss lead us to expect that a 1 :I ,aqueous dilution is likely 
be satisfactory. This is, of course, subject to adjustment based on experience. 

1. HPLC system, isocratic,.with autos; 
.-; 

ampler, UV ‘I ‘^ _li”‘. detector at 214nM and Waters 
Associates IC-PAK. ‘Anion HC column, 416mm id X 150mm, guard column, ^,, .,_, -:... ‘. 

2. 
borate-giuconate mobile,.phase speolfied by waters Associ&tes: i 
Sodium f&t&&ate, gluconic a@ an,$@tonitfile (for rki%&iis’&\ 

1 



3. Sodium chlorite stock solution (supplied by ‘Dr. Kross) ’ 
4. Syringe filters, syritiges and other consumables as needed 

‘: 

5. Miscellaneous laboratory glassware asneeded 
6. Circulat&g ~$6; bath or “other su$abfe -~equipment for maintenance of 

temperature at 100, C 

,” 

., ‘ - 
METHODOLOGY 

,,.. .” -.,. 

” ^.,,.. 1. Obtain fresh cow manure. Store under refrigeration until use, ” ‘^I ‘: --“‘” .- 
2. Prepare a solution cantaining 240 ppm chlorite ion;“at i.-pH of 10. Call this solution A*w”Btiiig’ii; j @.‘C*’ 

” .” 
3. Prepare a solution containing 24b ppm chlorite ion in deionized water. Call 

this solution B. Biing tof@ C. 
4. Bring the ‘manure to. 10” C. 
5. To a known weight of manure-at 10” C, add a-quantity of solution A. such that there is 240 ppm ,d~~~~~~~~~~~~~~~~~~~~~~~~~~.~~ ‘y$ 6f ‘b&l;;ti& :per~;-& &i“. 

manure. Mix well. Dilute with known amount ,of water to ensure “appropriate 
mechanical handling. 

6. Immediately remove an aliquot and filter for hplc. i...” . _I_ .” .^ 7. Detehin& level of &j’&ff& in‘the”~xtraci.‘nltnr~.c.cnri a 
-- --. 7-Y’ “‘I-’ ----- 

weight of manure. This provides -. ._- __. _ __ - _._ a time zero level. 
As ppm relative to original 

8. To additional” wei$hed portions.of manure at lb0 C a 

V. 

the manure to water ratio is the same as in the rest of this s _. , L ,I,. 
!, .I 0” 

10. Immediately remove aliquots from blank and samole mixtures and determine 
the level of chlorite. if”this Ieve% the ! 
level as determined above, make cii 

i ,. ,I(z/I ,..“I-,“/ l 

s.ample extract is lower than the” tkn.eC~ _ _( _,..,. >,,“.,i,, **&&,-- ,, :. i” ~xz:1-. A” .“.i .,- 
.*rs* *I 

. 
Il,Gl,Lfl JUUyGr ;* ‘“--ments as to any need to 

stabilize analytical aliquots by adjusting pH. 
11. At intervals thereafter, take aliquots; adjust pH if - appropriate based‘ on 

information derived,from step 9. Determine levels of chlorite in these aliquots. 
12. Examine the kinetics to‘obtain an estimateof the rate of deorac ” lation. c / ‘ .. ;’ “_” ” 

The experiment will be continu,ed for up to 48 hours, the exa,ct period to be determined 
based on evaluation of the data as it iti GUIIWW. 

L r-II---r-A .( 



The final report will provide complete documen?@n ..Q!., the con&jons of. the 
experiment. Resultti, ~$[I1 ,b,# pre&&d ~~E~hk%lly, a? a plot of the chlorite 
concentration,,against time. ,. I 
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Actual concentration of chlorite used in the study: 

The chlorite solutions used in this ‘study weie prepared by dilution of a 30.?$$ ‘sot&on of 
sodium chlorite provided tiy Dr.. Pobert t6oss., 1 C~~~~~~,~~~l~;,~~~r-diluiions produced 
sol”tions-- with **G PPm ch,drfte idn*. “yg ;;wq$ j’deemed ~‘$4~~-d2~~+~~~+??e to the 

concentration proposed in the prctocol to meet,g,j! requirements &-&study. _ 

Solutions at this concentration, were prepared in deionized water and in dilute sodium 
hydroxide (0101’ N). 

Actual dilution rel&itie t&‘rnairu%: . I, r 

.< /“1 I,L . ), 
Preliminary experiments’showedthat in’order to obtain appropriate analytk%~liquots of 
the sample extracts a net dilution of 49 relative to oiiginal’~m&%ire &as-needed. 

Accordingly portions of manure vvemprepared as follows: 

Blanks: 
A known weight of manure was diluted with 3 r$clcf water per gram of “manure, for a 
net dilution df 4,“Multiple blanks’ tie% set up. A given“blank tube” ya,s. discarded .-i 
when it was no longer convenient to obt$n analytical aiiquots from it. 

Time zero experiment: 
To a known weight of manure 1 ml of alkaline chlorite s&t&n (22g ppm chlorite ion ‘. ..‘~J..i*~,r,.,.,.~~-.~t;~~~~,: _._/ _.r .-i+.-’ ’ .^ /‘” ,, I’ 

,r gram of manuf~w$~~h~&~~*to produce a mixture . 

with a chlorite .level-equal. to 229 ppm on’ a n nanure basis. This mixture was “fuittier _( :,> ‘~“ixr-i:, -cc i ::’ .. .: di,uted with 2 m,.-of water pei y& ,$--~rej to’h;~;;i~;e’~-&-‘& dilution .by 3 &; Gf 

aqueous-media per gram of manure, for a net dilution of 4 times. _- . .’ ,. 

Degradation studv: 
To a kncwn weight of m’tinure 1 ml of ,,chlcnte &k@~ .(229 ppm chlorite ion in’ 
deionized’ water) per gram cf ‘manure-was added tc’produce a mixture with a chlcrite u -... -> ;, ,,-.. ,“~,“. ? - ,, < 
level equal to 22!Xppm’cn’amanure basis. This mixture was fgiriher diiuted Gvith Z! ‘ml 
of water per gram- of manure, to produce a net dilution by r’i;nf’ofgqueous‘meaia per 
gram of manure, for a net dilutiqn of 4 times. _ ” oce%sc;6 

Multiple sub-samples were set up for the degradation study. These were p,aced at 1 o” c. An analytic.+l $---f”--& ‘te+$&;d: gn”;ii” analyz&d ‘ifi& ‘g, 
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specified period of time. Each sub-sample was discarded after &p/ing for liquid 

chromatography. Exact weights of manure were @corded in each instance. 

Chlorite solutions and water were added using 1Oml graduated pipettes. 

Materials and’methods are documented in this section” only as needed for clarification of 
detail relative to the protocol. 

Fresh manure was collected at a farm and maintained at refrigerator temperatures. 
., ._I”. ,_ _,.,‘ . ,_.,: 

Preparation and handling of test mixtures: 

The manure and reagents were brought to 10” C in a water bath prior to mixing. The 
mixtures were maintained at 10” C for the appropriate period oftime, then &trifuged for 
5 min and an aliouot wse $ans&rrrd to a 3 mi polypropylene syringe fitted with a syringe ^ ,. .). filter with a PTFE membrane with O%$‘pore size. The filtr6te was collected for HPLC’ 
analysis. I 

50 ml polypropylene centrifuge tubes with screw-caps weie used for samples, blanks 
and the’time zerc experiment. 

A single portion was used for the time zero experiment. ; >,i.“” ..“,^,_,b i.:_+ The solution of chlorite in 0.0’1 N sodium hydroiti~~’ dig-c.-.f~‘i~ge the pH. meailinFjftijiy, ^slo ‘a’*,f&w&&rops’;“o& ij+o sodium 
, .-,..\ ,,._ -“.. ;, _ ,/_. .,_ .q ~~+-;:. 

hydroxidesckition were added to raise the pH to just above ” ., “..” ,, 
10. 

,/ ., 5 
One sub-sample (and therefore one, tube) was prepared for each interval in the “., I** _i , ji, ‘s..,,*F $..,..I _) .,- ,* ), 
degradation experiments. Individual tubes. were: dis,c$dod af&r aii$%ts were taken fcf 
HPLC‘ &n&lysis. 

Blanks were,reused. After pomcns were rem~ovedtor HPLC analysis the manure was re- , .,, 
suspended in the medium by shaking the tub& thoioughly and ‘the tube w&s @tiintai% 
again at 100 C. 

.., _, , 1 ” . 

Print Date: 63115~9 



Chromatographic conditions: 

Mobile phase for HPLC: 

Sodium gluconate (16 g), boric a$d(l& g) ‘and so&m tetraborate decahydrate (25 
.1 )_j...-l‘ g) were dissolved in about 500 ‘inI deionized water. Glycerin (250 ml)&as added-ind 

the mixture.was made up to 1 L with deionjzod +erY, ,$s concentrste was kept in 

the refrigerator and used as needed for productionl of mobi& p&se. 

The actual mobile phase was made by taking 20 ml of the above, concentrate and 
120 ml of “acetoni‘iiile and making up to 1 L with deionized%&r. 

A flow rate of 2 ml/min provided retention time of about 4 min for chlorite. 

A baseline dip was seen $qrtly before the ‘ch!onte peak. This dip was essentially 
constant over the durations of the’ experiment. The size of “‘the chlo&ite peak &as 
estimated as the height of the peak above the nominal” base&e.~’ 

Using this height as the esti,mate of response, chlorite ion concentration was calculated .i,( “,r~A:;r.&*,i, ,_x..c* .,., ,.a ,( ml .“. ,, L 
as final concentration in the solution. The time zero experiment represents 229 pg 
chlorite ion per gram ‘-of manure, The actual ,concentration in solution is, of course, 
lower, because of the dilution cf the sample. 

The analytical standards were of 57.2 pg/m*l concentration, expreseed as chlorite ion. 

Alkaline solutions provided” slightly elevated response hl@iye to solutions made -in 
deionized water. Consequently the time zero experiment was an.$jyzed against a standard so,ution prepared in o,ol N sodiirm ,hyaroxiagr- -I, “, --.‘.“_““.‘” 

. I. I. j.i . _ 
The degradation sa+mples yere sn@yzed &nst a’ standard prepared with deionized 
water and maintained ‘in the refrigerator to minimize auto-degradationof ch/o&e.‘-WT%‘%~ I ‘” 
standard showed quite constant response at thehplc over the period’of the’ experiment. 

, ., ..^. 



I Final concentrations of ch@rite ion in the test mixtures are shown below. Exposure time 

includes ‘time spent in-the Centrifuge. Concentration on a r?iWiti~6 basis is estimated by 
normalizing the time zero value to 229 ppm to account for the effective diiu?ion of the 
experiment. 

,,,~i: ,_ : : 2: ‘, 

‘ 
.., . . . . 8 1 , 

Blanks increased slightly over the course of the experiment. At the beginning they 
showed a peak height equivalent to about 1 ppm chlorite in solution or about 4 ppm on 
a manure &i+-. At the end of 48 hours the blanks were at about 3 ppm chlorite in the 
final sol;tion, or about 12 ppm on a manure basis 

Treatment of the 48 hour extract with a few crystals of sodium thiosulfate does not 
cause any immediate change in the size of,?09 ctjorjje peak. It therefore’,seem& ‘tihlikely 
that the resic&ial peak at that &a@ is adtually chlorite. It pay r&pre&ilt the background 
level of “interference from some Species in the matrix. It is, however, nat clear why the 
peak is somewhat larger than” the blanks seen during this experiment. 

Attached are copies of the releva,nJ.chromatograms foi blanks, the time zero experiment 
and the extracts for the degradation experiment. It should be noted that, the decline in 
chlorite concentration is quite rapid and that in less thati &.“‘&ys under the 
experimental.conditic$s the.chlorite seems to have dj.sappeared. 
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CO-NCLl&jaN’S 
., , 

l 

l 

The rate of loss of chlorite ion in manure is quite high. 
The chlorite is essentially completely consumed in’ l&s than 24 hours. The duration 
of this experiment appears to provide an uppkr limit on $e period of per&ten&e of 
chlorite. 

* At a level of 229 ppm on; r?ianWW’baqis the, redking capacity of mapure is not 
exccjeded. 
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